Enhancement
methods have been applied for more than a century throughout the natural range of the Atlantic salmon (S&IO s&r L.). Hatcheries, the cornerstone of enhancement programmes, are used to: facilitate colonization of new habitats; restore or rehabilitate stocks to once productive habitats; supplement wild stock production; compensate for major environmental disturbances or problems such as hydroelectric development and acid rain; support fisheries entirely dependent upon hatchery stocking; and foster research and technology development. The benefits from enhancement programmes include: contributing to fisheries and wild stock conservation; increased awareness of the resource and natural environment;
technology support for the aquaculture industry; and increased knowledge of salmon biology. The risks from enhancement include: reduced genetic diversity and population fitness; adverse ecological effects; and further degradation and loss of wild stocks. Enhancement is one of a series of management measures that requires careful planning and should be fully integrated within management programmes for the stocks, the resource and its ecosystem. This paper reviews the application of enhancement technology in management programmes for Atlantic salmon in North America and Europe with emphasis on the former. Emphasis is placed on the use of hatcheries because of their prominence as an enhancement tool.
Introduction
Salmon enhancement is defined as "the enlargement or increase in number of individuals in a population by providing access to more or improved habitats or by using fish culture facility production capability" (Anon., 1992) .
The main reasons for applying enhancement techniques are to increase fish production for fisheries and, in some cases, to conserve or even preserve specific fish stocks. Underlying these reasons are over-exploitation of the wild stocks, degradation of the freshwater habitat, and excessive public demands. Increased contributions to fisheries from enhancement result in increased economic and/or social benefits. Public awareness and education are other benefits resulting from fish stock enhancement programmes.
Throughout this review, emphasis is placed on the use of fish culture (hatcheries) techniques to increase salmon production, concentrating, for reasons of familiarity, on North American experiences. No attention is given to the application and advances in fish passage or habitat improvement techniques, which are numerous but have little relevance to the theme of interactions between wild and cultured salmon.
Hatcheries have been directed towards the enhancement of Atlantic salmon stocks for more than a century (Ritter, 1972; White, 1994) . Fish culture practices have evolved from egg incubation and stocking of large numbers of unfed fry to rearing of the young salmon to Parr, smolt and even the post-smolt stages for release (Ritter, 1972; Eriksson, 1989) . Facilities have changed from simple egg incubation facilities, such as troughs and egg trays, to large complex hatcheries with concrete facilities and modern technological accessories that have enabled the production of large numbers of parr and smolts. In some areas, there in recent years has been movement away from the large concrete facilities to small streamside incubation and rearing facilities, and even to large semi-natural rearing ponds which are located stream-side, stocked annually with yearling salmon, and in which the fish are fed a daily ration until their release or removal and stocking as smolts one year later (Davidson and Bielak, 1993) . The evolution to natural rearing conditions has advanced even further in Newfoundland with the stocking of small lakes (commonly referred to as "ponds") with unfed fry in which the young salmon remain with only natural food available until they emigrate as smolts 2 and 3 years later (Pepper et al., 1985) . Other recent advances in fish culture include the reconditioning of kelts (Davidson and Bielak, 1993; Meyers, 1994) and the production of mature adults both in fresh water (Meyers, 1994) and in marine cages. These captive broodstocks are used to produce large numbers of eggs for culture and release as juveniles into the wild, and for direct release as adults into rivers. Some of the captive broodstocks used in restoration programmes in the eastern United States are produced from wild parr (Baum et al., 1996) .
Amidst the wide-scale application of salmon enhancement practices on both sides of the Atlantic, and the strong public support for enhancement, there is strong debate as to the desirability of enhancement and, in particular, the use of hatcheries in the management of the Atlantic salmon and other public fisheries resources. In this debate, everyone seems to have an opinion, most of the opinions are not supported by facts or knowledge, and few individuals are objective in their assessments.
The purpose of this paper is to provide an objective overview of stock enhancement applications and, in particular, the use of hatcheries in the management of the Atlantic salmon resource.
Types of stock enhancement

Colonization of new habitats
This form of enhancement involves the introduction and establishment of self-sustaining stocks of Atlantic salmon in rivers or streams not previously inhabited by salmon. A first step in colonization of new habitats generally involves the provision of fish passage over a natural barrier to upstream migration. Some form of stocking programme has generally been coupled with the provision of fish passage to hasten colonization of the new accessible habitat area.
Three examples of successful colonization are described below. Migration to all three new areas was obstructed by natural waterfalls, access was provided through the construction of fishways, and seeding of the new habitat areas was hastened by the introduction of stock from a nearby river or a tributary of the same river.
Torrent River, west coast of insular Newfoundland
Access to the upper Torrent River was impeded until 1966 when a fishway was completed at a natural falls situated less than 3 km above the head of tide (R. Porter,
Ritter
Canada Department of Fisheries and Oceans, St John's, Newfoundland, Canada, pers. comm.) . Seeding of the new area occurred as a result of downriver strays from the lower river and the introduction of 738 grilse from a nearby river over the period 1972 to 1976 (Mullins and Jones, 1992 .
Annual counts in the fishway showed a major increase from about 50 fish in the late 1960s the first years after the fishway was built, to about 2000 returns by the 1980s (Fig. 1) . A part or all of the increase to 4200 adult salmon in 1993, and to 7400 fish in 1996, can be attributed to the moratorium imposed on the insular Newfoundland commercial fishery in 1992.
Exploits River, east coast of insular Newfoundland
This colonization example was the second stage of salmon enhancement in insular Newfoundland's largest river (O'Connell et al., 1983) . The first stage involved the provision of fish passage through a trapping and trucking operation and eventual construction of a fishway at a lower main river site (i.e. Bishop Falls) partially obstructed naturally and fully obstructed in the mid1950s by hydroelectric development. The success in overcoming the problems in the lower reaches of the river resulted in attention being directed to the middle and upper parts of the Exploits River, impassable at Grand Falls due to a natural obstruction and complicated by the presence of a hydroelectric plant and a pulp and paper mill.
The colonization programme above Grand Falls involved construction of a partial fishway in the late 1960s to trap returning adults, and stocking with large numbers of unfed fry from a spawning channel initially and in later years from deep substratum upwelling incubation boxes (O'Connell et al., 1983) . The fry stocking was selected over the adult transfer method used on the lower river to make more efficient use of available broodstock. The donor broodfish were taken from the population in the lower river.
The adult counts at Grand Falls (Fig. 2) are after commercial harvests in the sea and angling harvests in the lower river. After 6 initial years of relatively low returns, adult counts increased to 3000 fish in 1980, presumably the product of the small number of natural spawners and the increase in stocking to well over one million fry annually. Annual counts fluctuated between about 2000 and 5000 fish from 1980 to 1992. The higher counts in the most recent 4 years, particularly the 1996 count of 11 395 fish, is probably attributable to the moratorium on the commercial fishery and possibly a reduction in marine natural mortality which has depressed recruitment in most North American stocks in recent years (ICES, 1996) .
LaHave River, south shore of Nova Scotia
Both fishway construction and stocking were the main components of this enhancement project. The fishway, 1966 -1996 (Mullins and Jones, 1992 O'Connell et al., 1996) . Also shown arc the numbers of adult salmon introduced at the start of the project. returns; -Ointroductions.
constructed in the late 1960s provides passage for salmon over a natural falls (Morgan Falls) to an area of the LaHave River, 15 km above the head of tide (Gray et al., 1989) . Both hatchery-reared parr and smolts were used to seed the area above the falls. The donor stock originated from both a nearby river and the lower LaHave River. Hatchery stocking was initiated in 1971 and has been continued annually.
Counts at the Morgan Falls fishway were low in the initial years, as very few wild fish strayed upstream from the river immediately below the falls (Fig. 3) . Following what appears to have been successful spawning by the first recruits from hatchery releases, the return of adult salmon from natural spawning increased rapidly (by 1980, 11 years after the opening of the fishway) to about 2000 fish. Wild adult salmon returns subsequently peaked at about 3000 fish in 1987, and have since declined to less than 1000 fish. This pattern of low salmon returns in recent years is common to Bay of Fundy and Atlantic coast of Nova Scotia rivers (Amiro and Jefferson, 1997; Marshall et al., 1997; O'Neil et al., 1997) . The low return common to both hatchery and wild origin salmon appears to be related to higher than normal natural mortality in the sea (Reddin and Friedland, 1993) .
The three examples above demonstrate the effectiveness of enhancement procedures to create new selfsustaining populations of Atlantic salmon. In all three instances, some form of seedstock was used to hasten the seeding of the newly opened-up habitats. The low number of returns to each new habitat area in the initial years after fish passage was provided suggests that colonization would have been slow without the introduction of seedstock. The Torrent River example illustrates the effectiveness of a small number of donor seedstock (i.e. only 738 grilse). All three examples show the quick response of the newly opened-up habitats to colonization. Contributing to the success of these colonization initiatives was the relatively pristine condition of the freshwater habitats.
Restoration
(or rehabilitation) of salmon to former habitats Restoration involves the re-establishment of natural sustaining spawning populations in rivers that once produced salmon. Notable examples of restoration are the ongoing efforts to restore salmon to the Connecticut, Merrimack and Penobscot rivers situated along the New England coast of the United States at the southern end , 1997) . Also shown are the numbers of unfed fry released annually into the Exploits River above Grand Falls since 1968, the start of the project.
returns; -Ofry of the Atlantic salmon's natural range. Historically, these rivers were major Atlantic salmon-producing rivers in New England. In spite of extensive efforts to restore salmon to these rivers, progress has been slow with annual returns comprised entirely (Connecticut and Merrimack) or largely (Penobscot) of hatchery-origin salmon. Successful restoration of salmon to these rivers is impeded by the presence of multiple hydroelectric installations that currently obstruct both upstream and downstream migration, and loss of much of the original productive habitat (Baum, 1994; Meyers, 1994; Stolte, 1994) . Both the Connecticut and Merrimack restoration efforts are also hampered by the absence of native or local stocks.
Supplementation of wild stocks
Wild stock production is often supplemented with hatchery-reared fish to enhance fisheries and/or to supplement spawning population deficiencies. Frequently this form of enhancement is used to accentuate a positive biological characteristic in a particular population, such as early run timing to the river and older or younger age at maturity. Numerous examples show that hatchery stocking can be used to enhance fisheries opportunities and catches but its contribution to resource conservation is usually unknown. In contrast, concern is often expressed that this type of enhancement may adversely affect the genetic fitness of the wild stock and its long-term productivity, particularly when conducted over a long period of time.
Compensation and mitigation
The terms "compensation" and "mitigation" have several different definitions and are often confused. Under Canada's "Policy for the Management of Fish Habitat", compensation refers to the replacement of lost fish production or natural production capability, whereas mitigation applies to measures implemented to alleviate potential adverse effects on production (Anon., 1986). The replacement of lost natural productivity with hatchery-reared fish is an example of compensation, whereas the construction of a fishway to provide passage over a dam is an example of mitigation.
Baltic Sea salmon jishery
The best-known example of hatcheries being used to compensate for lost wild salmon production is the Baltic Sea salmon fishery, which currently is sustained largely Dam and Hydroelectric Station, situated on the main (S&90% of the recruitment) by hatchery production stem of the river and within a few kilometres of the head (Karlsson and Karlstrom, 1994) . The hatchery compenof tide, blocked access to about 60% of the salmon sation is for hydroelectric development which went producing habitat of the river. The hatchery was through a rapid expansion beginning in the late 1940s in designed to produce 500 000 smolts as compensation for Sweden and subsequently in other countries bordering the projected loss of about one quarter (125 000 wild the Baltic Sea. Over the past 50 years the fishery has smolts) of the production potential upstream of been maintained, and even increased over the last decMactaquac Dam. A trapping and trucking operation ade, as a result of increasing hatchery smolt releases was implemented as a mitigation measure to facilitate (Fig. 4) . fish passage over Mactaquac Dam. A dramatic decline in wild smolt production has coincided with the development of hydroelectricity. It is estimated that the number of wild smolts entering the Baltic Sea has declined from 5 million in the mid-1950s (KHndler, 1958 , and from over 10 million at the turn of the century (Lindroth, 1984) , to about 400 000 smolts currently (Karlsson and Karlstrom, 1994) . Many of the wild salmon stocks have disappeared and others are approaching extinction (Karlsson and Karlstrom, 1994) .
Over the past 20 years, returns of salmon to the Mactaquac Dam from hatchery releases of smolts and parr into the system have varied considerably in terms of absolute numbers (1581-13 785, average 4326) and percentage of the total run (1 l-64%, average 29%) (Fig. 5) .
In general, hatchery returns to the Saint John River have not lived up to expectations or desires. One main concern is the low proportion of multi-sea-winter (MSW) salmon produced by the hatchery-reared fish (i.e. hatchery fish produce less than half as many MSW salmon per returning grilse as wild smolts yield) (Marshall et d, 1997) . The other main concern is the failure of the hatchery returns to penetrate upstream (beyond the hatchery and their point of release as smolts) to the extent that wild fish do. This poorer upstream migration performance renders the returning hatchery-origin salmon less available to upriver fisheries and possibly less effective as spawners.
Saint John River, Southern New Brunswick
A second example of compensation and mitigation combined is the Mactaquac programme on the Saint John River, New Brunswick. In the late 1960s the Mactaquac Hatchery was constructed to compensate for lost salmon production due to a third hydroelectric project on the river between the main spawning grounds and the sea (Ritter and Marshall, 1992 Both the trapping and trucking operation and the hatchery breeding programme have tended to mix the stocks from the different tributaries of the river above Mactaquac Dam. Although these practices would seem to have been expedient, considering the circumstances, the potential impacts on genetic diversity and population fitness, while unknown, are a concern.
Acid rain impacted rivers, Atlantic coast of Nova Scotia
Another example of the use of hatchery-reared fish as compensation is the stocking of the rivers of Nova Scotia's Atlantic coast which are impacted by acid rain. The stocks in 14 of these rivers have disappeared and stocks in other rivers are impacted to varying degrees (Watt, 1997). The stocking programmes carried out in these rivers are primarily aimed at providing fishing opportunities that would otherwise not exist. In those rivers that are partially impacted by acid conditions the stocking is also aimed at enhancing spawning stocks. A cursory evaluation of these stocking programmes clearly indicates their success in compensating for lost fishing opportunities, but their achievement in effectively enhancing conservation of the stocks remains to be verified.
Ranching to support fisheries
Numerous examples exist to illustrate the use and success of ranching programmes to support fisheries (e.g. the Baltic Sea salmon fishery and some of the compensation programmes on acid-impacted rivers in which natural reproduction is no longer possible). Opportunities exist where the habitat is unproductive and yet fisheries are both desired and achievable through this method of enhancement. Such programmes should be justified economically and/or socially, and assessed biologically to ensure negligible impacts on the wild stocks.
Support of research and technology development
Hatchery fish are often utilized to support research objectives and enhance understanding of wild salmon biology. Some of the notable research and stock assessment findings available as a result of experiments using hatchery fish are: (1) definition by Elson (1957) of the optimum egg deposition for smolt production, which has subsequently been translated to 2.4 eggs m ~ 2 and is currently used to define the conservation requirement for Atlantic salmon in Canadian rivers; (2) much of our understanding of Atlantic salmon migration (Stasko et al., 1973; Meister, 1984; Hansen et al, 1989; Ritter, 1989) ; (3) much of our knowledge of stock composition in mixed stock fisheries (Ruggles and Ritter, 1980; Swain, 1980; Pippy, 1982; Meister, 1984) ; (4) trends in marine survival (Marshall et al., 1997) ; (5) factors affecting age at first maturity (Saunders et al., 1983; Ritter et al., 1986) .
The century-long development and use of hatchery technology for enhancing the public fisheries resource paved the way for the world salmon aquaculture industry. In the North Atlantic area alone, farmed salmon production increased from 4800 t in 1980 to over 400 000 t by 1995 (ICES, 1996) . Coincidentally, ranched salmon production expanded from 8 t in 1980 to over 300 t by 1995.
Factors contributing to the success of enhancement
Improved breeding practices
Increased awareness of sound genetic practices has led to wider application of single paired matings and use of larger numbers of effective parents in breeding programmes. The use of native or local stocks has been essential for successful enhancement (Ritter, 1975; Thorpe, 1988) . Valued traits, such as early entry to the river, and older or younger age at first maturity, can be emphasized among adult salmon returns through breeding for these characteristics (Ritter, 1972; Elson, 1973; Ritter et al., 1986) .
Improved stocking practices
The matching of release stage to habitat capacity (e.g. fry or parr for nursery areas versus smolts for release in main river or estuary) and programme objective (e.g. early development stages for colonization vs. smelts for ranching) is improving post-stocking performance. Similarly, refinements to release timing, location and distribution practices are contributing to improved post-stocking survival (Larsson, 1977) . The innovative stocking practice of "delayed smolt release", has been shown to alter migration distribution, enhance survival, and increase contributions to fisheries (Eriksson, 1989) .
Improved husbandry
Applying advances in fish health to prevent and treat fish diseases, using nutritionally balanced diets and customized feeds, and emphasizing the production of "good quality" fish (i.e. larger, good fin quality) rather than simply the number of fish produced (Farmer, 1992) , have enhanced both performance in the hatchery and stocking success.
Improved facilities
The change from "trout" raceways to circular or square rearing tanks has enhanced production numbers and quality. Similarly, the use of substrata in incubation facilities has increased fry vigour and survival. Recent diversification from conventional hatchery facilities to stream-side incubation and rearing facilities (both conventional tanks and semi-natural ponds) (Davidson and Bielak, 1993) , has led to increased public involvement in enhancement programmes and greater awareness and interest in the salmon resource and the surrounding natural environment.
The production of smolts in natural lakes or ponds in Newfoundland through the stocking of fry and without artificial food being provided, has been shown to be an effective and inexpensive enhancement technique (Pepper et al., 1985) .
Improved measures of performance
The change in emphasis from measuring success of enhancement programmes by the performance in the hatchery to the number of adult fish produced or returning, in effect since the 1950s in Europe (Lindroth, 1984) and the late-1960s in North America (Ritter, 1972) , accelerated advancements in hatchery technology and performance.
Risks or potential harm from enhancement
Although numerous concerns are expressed about the potential adverse effects of enhancement programmes on conservation of the salmon and other fisheries resources, evidence or proof of harm is generally lacking. Many of these concerns relate specifically to hatchery practices and their associated stocking programmes. Both ICES and NASCO have developed internationally agreed procedures to minimize the risks from enhancement activities (Anon., 1992; Anon., 1994; ICES, 1994) , but the extent to which they are followed rests with the individual country and varies considerably.
Potential genetic effects
One possible genetic effect is the potential to reduce genetic variability within stocks through production and release of hatchery fish into rivers that have natural reproducing salmon populations. Such reduction could occur as a result of poor breeding practices (i.e. failure to practice paired matings, small founder population), inadvertent and directed selection (e.g. acceleration of smolting and grading practices) while in the hatchery, and swamping of the wild stock with large numbers of hatchery-reared fish. As practised today, the risk of reducing genetic variability through hatchery stocking programmes is high considering that many of these programmes remove only a small number of broodfish so as to minimize the loss of natural spawners and because of limited hatchery capacity. In spite of the small number of broodfish, the progeny often make-up a high proportion of the natural spawners in the next generation. Simple genetic models show that with these types of enhancement initiatives there is a high risk of significant inbreeding (Riddell, 1993) . It seems logical that the potential for reducing genetic variability in wild stocks increases with both the duration of stocking and the magnitude of the contribution made by the hatcheryreared fish to natural spawning. Genetic variability and fitness are often positively correlated (Altukhov and Salmenkova, 1991; Emlen, 1991) .
A second concern is the risk of reducing genetic diversity within and between populations as a result of hatchery stocking activities. The extent of this adverse effect is a function of the mixing of genes from different stocks within the same system, or populations from different rivers. The threat of within-river mixing of stocks potentially stems both from collecting the broodstock from the river's broad-based population made up of a mixture of stocks and from distributing the resulting progeny widely throughout the system. An alternative and possibly safer strategy might be to direct broodstock collections and stocking activities to localized stocks and the area or tributary of the river they inhabit rather than the entire river system and its population. Similarly, the mixing of stocks through the release of non-native stock in a river that already has a native stock should be avoided in the interests of maintaining genetic diversity. A third threat is outbreeding depression, potentially arising from hybridization of the introduced stock with the native population. We should expect the magnitude of this effect to be enhanced by the dissimilarities of the phenotypes of the donor and recipient populations. Most phenotypic variation observed between salmonid populations has some genetic basis, particularly important traits such as migration timing, age at maturity, body size, and disease resistance (Riddell, 1993) .
Potential ecological effects
Dissemination of fish diseases from hatchery facilities and through stocking of diseased fish is a prime concern. Control is essential and feasible through good husbandry, regular monitoring of incoming broodstock and hatchery production, and adherence to existing regulations and a conservation-oriented code of practice. The latter is essential because not all desirable controls and procedures are covered by regulation.
A second concern lies with the potential for an enhancement initiative to adversely impact on other species of fish, or even the wild salmon. One example of this is the attraction of predators (e.g. cormorants, mergansers, burbot) by the release of large numbers of hatchery fish into an area and the subsequent impact of these predators on wild salmon or other fish species. A further and common concern in Atlantic Canada is the displacement or reduction of the resident fish species (e.g. brook trout, Salvelinus fontinalis) by salmon introduced to areas of rivers not previously inhabited by salmon. Because of the potential for adverse effects, a thorough environmental assessment, with public input, should be conducted for any proposed salmon enhancement initiative.
Hatcheries are also a source of various types of pollutants that enter the public waterways (e.g. organic material and nutrients chemical substances, and drug residues). The extensive construction of hatcheries that has taken place during the past lo-20 years to support the salmonid aquaculture industry has drawn increased scrutiny and much needed regulation of hatchery effluents. A further concern is the escape of juvenile salmon into rivers from either public fishery or commercial aquaculture hatcheries. These potential sources of genetic contamination to wild salmon populations have not been monitored in the past but should be in the future and corrective measures applied where required.
Potential fisheries management conflicts
The main conflict in managing the stocks lies with the potential for increased exploitation of the wild stocks while harvesting the fish originating from enhancement activities. Often the justification for using hatcheries is low wild salmon production. However, many of the hatchery interventions produce fish that are available for harvest but are not separable from wild fish in the fisheries. The resulting consequence is often higher exploitation of the threatened wild salmon stock(s) than otherwise would have occurred had stock enhancement not been undertaken. The Baltic Sea salmon fishery is a prime example of the difficulty in conserving the remaining wild stocks, which are generally intermingled with the hatchery origin fish in the fisheries and comprise only lo-20% of the salmon in the Baltic Sea (Karlsson and Karlstrom, 1994) .
Potential trade-off
Hatchery technology offers an option to conservation of the wild salmon stocks, as evidence in the trade-off made with hydroelectric development around the Baltic Sea (Karlsson and Karlstrom, 1994) and the Saint John River, New Brunswick (Ritter and Marshall, 1992) . In the case of the Baltic Sea, most of the wild populations have been rendered extinct on the condition that their production would be replaced through hatchery stocking. What is not known about this example is whether more of the wild salmon resource would be present today had hatchery technology not been available to replace the lost wild salmon production. Also, one must question whether the management decision made 50 years ago to replace Baltic Sea wild salmon with hatchery-origin salmon would be made today considering the current understanding and world-wide sensitivity to conservation issues.
Planning and monitoring enhancement
The need for detailed planning of enhancement projects, while seemingly self-evident, is frequently ignored. In addition to laying-out how, where, and when the project would be implemented, plans should include an assessment of the certainty of achieving success, consideration of both positive and possible negative effects, and a thorough assessment of costs and benefits. Benefits in such analyses often include social and other considerations in addition to standard economic measures. A final prerequisite to the undertaking of any enhancement project is a commitment to monitor thoroughly and assess performance because not all initiatives are successful and costs and risks are generally too great to proceed without feedback on success and possible harmful effects on resource conservation.
Conclusions
The benefits from salmon enhancement are to fisheries (i.e. both economic and social), to the conservation of the salmon resource, to education and awareness of the public, to technology development (e.g. the salmon aquaculture industry), and to our knowledge of salmon biology. In contrast, the risks are loss of genetic diversity and population fitness, degradation of our natural ecosystems, and over-exploitation and further loss of wild salmon stocks. The potential genetic effects largely remain to be confirmed, but every effort must be made to maintain the genetic diversity as its loss is irreversible. The debate over the merits of enhancement, particularly hatcheries, continues with advocates boasting about the short-term successes, which are numerous, and opponents pointing to the potential adverse effects, i.e. hatcheries may be contributing to reduced productivity and loss of wild stocks. The use of hatcheries has been overly promoted by their advocates and maligned by their critics. The debate has intensified in recent years with little new knowledge being brought forward to support the opposing points of view.
Enhancement is one of a series of management options with a large array of technology from which to choose. Before proceeding with enhancement there should be a thorough assessment of the feasibility and costs relative to alternatives, the chances of success, and the risks of adverse impacts. Wherever implemented, the enhancement initiative should be fully integrated with the management programme for the stocks, the resource and the ecosystem. Knowledge, common sense, and objectivity are key ingredients to the application of enhancement technology in an effective and safe manner.
